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Abstract      
A combination of stepped cascade weir with spray aerator systems is one of the available ecological treatments to 
reduce the concentration of pollutants in marginal water and to solve the problem of the water shortage for 
irrigation and industrial uses in Iraq. An experimental treatment system for marginal water has been constructed 
and installed at Al- Mustansiriya University, College of Engineering during the period from August 2013 to July 
2014. The performance of the treatment schemes has been evaluated by monitoring the quality of marginal water 
and effluent for some parameters such as pH, Cl-, BOD5, COD, Fe+2, and Mn+2. Results indicate that the removal 
efficiencies for COD and BOD5 is ranged from (43% to 51%), and (44%-52%), that the removal efficiency of ions 
concentrations such as Fe+2, Mn+2, are (30 %-48%) %, and (33% -48%), respectively, while for Cations such as 
Cl-, the removal efficiency is (31%-42%). 
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1- Introduction  
Marginal quality water is defined as that which poses a threat to sustainable agriculture and/or human health by 
virtue of its quality, but which can be used safely for irrigation provided certain precautions are taken[1]. Marginal-
quality water includes urban wastewater, agricultural drainage water, and saline or sodic surface water and 
groundwater. Urban wastewater usually refers to domestic effluent, wastewater from commercial establishments 
and institutions, industrial effluent, and storm water. Many farmers use treated or untreated wastewater for 
irrigation. In some areas wastewater is discharged into agricultural drains, and farmers use the commingled water 
for irrigation. [2].  
Hydraulic structures, such as stepped cascades and weirs, involve air entrainment _aeration_ and oxygen 
transfer. Therefore, they can increase dissolved oxygen levels. Weir aeration occurs in rivers, fish hatcheries, and 
wastewater treatment plants [3]. 
A cascade aerator consists of a series of steps that the water flows over. In all cascade aerators, aeration 
is accomplished in the splash zones. The aeration action is similar to the flowing stream [4]. 
In the gravity aeration of wastewater, the aeration process brings wastewater and air into close contact by 
exposing drops or thin sheets of wastewater to the air. Oxygen diffuses from the air into the wastewater and helps 
to increase the DO content of the wastewater [5]. The efficiency of the natural aeration process depends almost 
entirely on the amount of surface contact between the air and wastewater [6]. This contact is controlled primarily 
by the size of the wastewater drop or air bubble. In addition; the efficiency of the natural aeration process depends 
on the geometry shape of natural aeration type, material properties and flow conditions [5, 6]. 
The primary purpose of water aeration is to increase the oxygen saturation of the water. This can be 
achieved by using hydraulic structures because of substantial air bubble entrainment at these structures. 
[7].Hydraulic structures can increase dissolved oxygen (DO) levels by creating turbulent conditions, where small 
air bubbles are carried into the bulk of the flow. [8]. The mechanism of aerating over weirs includes three steps. 
The first one includes minor aeration from water flowing over the weir directly to the jet. The second includes 
aeration on the surface of the pool from the jet depending on the intensity of surface agitation. The third and most 
contributing to the oxygenation process is the bubble aeration from air entrained in the jet and pool to which the 
jet is discharging. [9] 
Aeration of the wastewater enhances the removal of the Biological Oxygen Demand (BOD), which is the 
amount of oxygen consumed by the microorganisms in oxidation of the pollutants in wastewater. Aeration is used 
in different units of a wastewater treatment plant: Pre-aeration, homogenization, biological treatment, nitrogen 
removal and aerobic sludge treatment. [10]. 
The main objectives of this study are to improve the quality of marginal water using combination of 
stepped cascade weir with spray aerator, and to investigate the performance of the system to remove some 
measured pollutants in marginal water. 
 
2- Materials and Methodology  
Marginal water has been prepared from domestic wastewater, leachate wastewater, and some chemical substances. 
The experiment was performed with a constant flow rate of 0.4 m3/hr.  The laboratory model has been designed 
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and constructed in environmental fluid laboratory at college of Engineering, Al-Mustansiriya University. The lab-
scale model has been designed and installed as shown in Figure (1), which consists of different parts as follows: 
1-  Two Primary tank (42 cm *42 cm *80 cm) of (120) L.  
2- Two layers stepped cascade weir, the first layer consists of three steps manufactured from aluminum of 
dimensions (36 cm *42 cm *80 cm), each step where perforated into 36 holes (10 mm), while the second 
layer consist of three steps manufactured from granite of dimensions (45 cm *30 cm *30 cm), (30 cm *30 
cm *30 cm), and (20 cm *30 cm *30 cm) respectively, three rectangular weirs of dimensions (40 cm *30 
cm), (25 cm *30 cm), (15 cm *30 cm) respectively 
3- Two Clarification tanks the first for receiving outlet and the other for recycling treated water. 
4- Two submerged pumps of maximum head (3.7 m) and maximum flow rate (3.75 m3/hr), the first is into 
the primary tank for pumping marginal water, and the second is into the recycling tank for recycling 
treated marginal water, and Flow meter ranges between (0.4-4 m3/hr).  
Each part of the model is welded to the other by chloroform liquid for Acrylic parts and silicone for PVR 
and granite.  The general arrangement of laboratory unit and the arrangement of cascade basins and spray positions 
are shown in the plates (1 and 2). 
Samples were taken from the (Inlet tank, after spray aerator, after mixing basins, and effluent) as shown 
in plate (2) to test marginal water quality used during the experiment periodically. 
 
 
Figure (1): Schematic representation of lab-scale unit. 
 
Plate (1):  General arrangement of laboratory unit. 
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Plate (2): Arrangement of Cascade basins and Trickling Positions. 
 
3- Results and Discussions  
Marginal water quality was evaluated along the period from August 2013 to July 2014. The treatment system has 
been operated using combination of spray aerator and stepped cascade weir. The system was monitored to 
characterize the marginal water quality parameters efficiencies under different conditions. 
Results of pH indicated that the pH values increases in acid solution (3.21-4.62), (4.2-4.46), (5.54-8.26), 
and (6.14-9.5), low pH means high concentration of carbon dioxide and by aeration CO2 stripped from marginal 
water causes increasing in pH value .  For pH less than 7, the carbon dioxide is loosely bound to the water and can 
easily be stripped by aeration, raising the pH to a neutral value.On the other hand pH decreases in alkaline solution 
(8.43-8.29), (9.26-8.5), (10-9.91) due to the presence of bacteria with makes the  alkaline solution. 
The initial COD and BOD5 organic loading of raw influent marginal water were calculated hourly which 
are ranged between (47.6-89) Kg/m3/day, and (31-57) Kg/m3/day respectively. The percentage reduction of COD 
and BOD5 organic loading during the run time (4 hours) of the spray aerator, stepped cascade weir, and effluent 
are (49%, 55%, 51%), and (52%, 57%, 33%) respectively. The correlation between BOD5 and COD initial organic 
loading and the percentage reduction for spray aerator, stepped cascade weir, and effluent was recorded as, (0.878, 
0.983, 0.916), and (0.516, 0.692, 0.834) this is an indication of that the correlation between COD organic loading 
and the percentage reduction is less than in BOD5 as shown in figures from (13 to 18). 
Measurements of inorganic elements (Fe+2, Mn+2, and Cl-) show that the initial concentrations are ranged 
between (20-59) mg/l, and (1.2-3.3) mg/l, and (0.81-1.96) mg/l respectively. The removal efficiencies of Fe+2, 
Mn+2, Cl- during the run time of the spray aerator, stepped cascade weir, and effluent are (49%, 47%, 48%), (44%, 
48%, 48%), and (46%, 43%, 42%) respectively. The correlation factor between these pollutant initial 
concentrations and the removal efficiencies after spray aerator, stepped cascade weir, and overall are (0.987, 0.911, 
and 0.936), (0.843, 0.927, and 0.848), and (0.878, 0.983, and 0.916) respectively, as shown in figures from ( 4 to 
12). 
The experimental results show that percentage reduction of COD and BOD5 in spray aerator ranged from 
(41-49) %, and (43-51) %, while the removal efficiency of ions concentrations such as Fe+2, Mn+2, are (30-49) %, 
and (30-44) %, respectively. For Cations such as Cl-, the removal efficiency is (31-46) %. In stepped cascade weir 
the removal efficiency of COD and BOD5 is ranged from (21-52) % and (42-50) %. Results indicated that the 
reduction of ions concentrations such as Fe+2, Mn+2, are (32-47) %, and (33-48) %, respectively, while for Cl-, the 
reduction efficiency is (32-43) %. The overall percentage reduction of COD and BOD5 was measured as (43-51) % 
and (44-53) %, while the removal efficiency of ion concentrations (Fe+2, and Mn+2), were (20-59) %, and (33-
48) %, respectively. The removal efficiency for Cl- was (31% - 42%). 
Stepped cascade weir with spray aerator with suitable recirculation removes or modifies the constituents 
of marginal water using two methods - scrubbing action and oxidation action.   Scrubbing action is caused by 
turbulence which results when the marginal water and air mix together.  The scrubbing action physically removes 
gases from solution in the marginal water, allowing them to escape into the surrounding air.  Carbon dioxide and 
hydrogen sulfide and chlorine (Cl-) can be removed by scrubbing action.  Scrubbing action will remove tastes and 
odors from water if the problem is caused by relatively volatile gases and organic compounds. Also aeration 
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provides the dissolved oxygen needed to oxide the iron and manganese, it takes 0.14 mg/L of O2 to oxidize 1 mg/L 
of iron; and 0.29 mg/L of O2 to oxidize 1 mg/L of manganese. 
Oxidation reaction of iron is: 
4 Fe+2+O2+10H2O          4Fe(OH)3  +8H+ …(1) 
Oxidation reaction of Manganese is: 
4 Mn+2+O2+2H2O          4MnOH2  +4H+ ….(2) 
 
      Figures (2) to (24) show the removal efficiencies of all parameters measured in the experimental work. 
 
Fig. (2): Variation of acidic pH                                   Fig. (3): Variation of alkaline pH 
 
               Fig.4:Removal efficiency with influent Fe+2               Fig.5:Removal efficiency with influent Fe+2  
               in spray aerator.                                                            in stepped cascade weir. 
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               Fig.6: Overall removal efficiency with influent   Fig.7:Removal efficiency with influent Mn+2.                                                             
Fe+2.                                                                                in spray aerator. 
 
               Fig.8:Removal efficiency with influent Mn+2             Fig.9: Overall removal efficiency with influent 
               in stepped cascade weir.                                               Mn+2.  
 
               Fig.10:Removal efficiency with influent Cl-                Fig.11: Removal efficiency with influent    
               in spray aerator.                                                           Cl- in stepped cascade weir.  
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               Fig. 12: Overall removal efficiency with                Fig. 13: Reduction efficiency with influent  
 influent Cl-.                                                                 BOD5 organic loading in spray aerator.       
  
Fig.14: Removal efficiency with influent BOD5          Fig.15: Overall removal efficiency with  
organic loading in Stepped cascade weir.                    influent BOD5 organic loading. 
 
Fig.16: Removal efficiency with influent COD           Fig.17: Reduction efficiency in Stepped Cascade organic 
loading in spray aerator.                                             weir with influent COD organic loading.                                                                      
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 Fig.18: Overall removal efficiency with                    Fig 19: Relationship between COD loading rates 
               influent COD organic loading.                                   COD removal rate in spray aerator. 
 
  
 
Fig.20: Relationship between COD loading rates        Fig 21: Relationship between COD loading rates 
               and COD removal rate in stepped cascade weir.        and overall COD removal. 
  
Fig.22: Relationship between BOD5 loading rates       Fig 23: Relationship between BOD5 loading rates 
               and BOD5 removal rate in spray aerator.                    and BOD5 removal rate in stepped cascade weir. 
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Fig 24: Relationship between BOD5 loading rates 
and overall BOD5 removal. 
 
4- Conclusion  
4-1  A combination of cascade aeration and spray aerator system show its effectiveness in removing and reduction 
pollutants from marginal water. 
 
4-2  The ranges of organic loading used in the experiments for COD, and BOD5 were (48 Kg/m3.day-87 Kg/m3.day), 
and (31 Kg/m3.day-57 Kg/m3.day), while for Fe+2,Mn+2, and Cl- were (20 mg/l-59 mg/l), (1.2-3.3 mg/l), and (0.81 
mg/l-1.96 mg/l),and the range of pH used in the experiments was between (3.21-10).  
 
4-3 The overall removal efficiency of COD, and BOD5 were (51%), and (53%) respectively, while the removal 
efficiencies of Fe+2, Mn+2, and Cl- are approximately equal for the same run time (4 hours) which ranged between 
(31%-48%), (33%-48%), and (31%-42%) respectively . 
 
4-4 pH value in alkaline solution increases by aeration due to the stripping of CO2 this causes rising in pH value, 
while base pH decreased by aeration. 
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